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WATIONAL ADVISORY COMMITTEE FOR ABRONAUTICS

TECHNICAL NOTE NO, 901. . . S L

BEARING STREN@THS.OF SOME WROUGHT—-ALUMINUM .ALLOYS

By R. L. Hoore and o. Wesooat-
INTRODUCTION .. .. . .. . LT e

Although a number of investigations of the bearing T
strength of aluminum alloys have been made (see refer—
ences 1 and 2), the problem-remains one of consSiderabdle
interest %o the aircraft industry. For thie reason it .
has seemed advieable to make additional tests of the - T
commonly used aircraft alloys in an effort to estabdlish
a better basis for the selection of allowable bearing . . .7
values., Current design practice does not recognize the
effect of edge distance upon bearing strengths, and for
thie reason.edge distance was ons of the prin01pal vari— _
ables corsidered in this investigation. " The .increasing ' . '~
emphasiy being placed wpon permanent set limitations ™~ - B
makes it -essential that more information on bearing yield
phenomena be obtained. ' comeoE ComE= D

‘The object of this investigation was to determinse
bearing yield .and ultimate strengths of the following
alumirum alloy products: 175-T, 245-T, Alclad.245-T,
245—RT, 525—0, 523-1/2& 525-H, 535-1, 'dn& Sis—m_sheet;
AB15—T and. 148—T forgingsj -and 245-T, 535~T and 615-T
extrusions. Ratios of these bearing propernies to ten— _
sile properties were also determined. =~ . . . L T

MATERIAL . © .. T

P

The sheet used for. these tests was O. 06 4= by 10— by“ T
20—inch. Bearing specimens were cut parallel to the 20— ' o
inch dimension, which was also parallel to the direction -—
of rolling. The oxtruded material was obtained in the '

~form of die No, X-22934. - Figure i3 shows a sketch of thls -
section and indicates the porfion used for the bearilig T
specimens, The forgings were obtained in the form of lﬁ%- -
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by 8- by L2inch Bamples sthich were machined to a 1/8—
inch thickness for test.

The terndile properties given in $able I indicate
that the material used was typical of commercial produc—
tlon., The ultimate strengths ranged from 7 to 17 percent —~
higher than the guaranteed minimums (see reference 3);
the yleld strengths {with—grain for sheet) were from 11
to 30 percent higher than the latter. In only one case
(535—T sheet) was thée elongation value (with—grain) less
than thet specified. -

PROCEDURE

The bearing tests involved loading single thick—
nesgesy of materlal in bearing on a 0.250-inch-diameter .
steel pin, inserted in close~fitting -drillled and reamed )
holes, All specimens were &2 1nchesa wide-and were
tested in triplicate. The sheet specimens were loaded -
in the direction of—the grain. The tests were conducted
in the 40,000—pound capacity Amsler testinig-machine
(type 20 ZBDA, serial nos 4318) using the loading fixture
shown in figure 1.

R

The measurements of hole elongation under increasing
loads were made with a filar micrometer mlicroscope, read—
ing directly to 0.0l millimeter and by estimation %o
0.002 millimebter., These measurements were taken between
twe reference marks: one scribed on a shoulder on the
underside of the pin, in the plane of the sheetj the
ofther scribed on the specimen directly under the pin. L
Edge distances, defined as the distance from the edgeo of :
the specimen. to the center of the hole in the direction
of loading, were 1,5, 2, and ¢ times the pin diameter.
Tests at 211 three edge distances wore made on each speci-
men by .shearing or sawing off the damaged end affter one
test (about 3/4 An. below the centor of the damage hole),
and redrilling at a new edge distance, '

RESULTS AND DIBSCUSSION .

Table II gives the results of all the bearing tests.
The bearing yileld-strength valuos were obtained from tho
bearing stress-hole elongation curves shown in figures 2
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to 15; using an’' offset from the initial stralght—line _
portion. of the curves ejual: to' 2 percen% of the pln a1
ameter (0,005 in.). Table II also indicates the types
of failure obtained. For eédge distances of 1,5 and 2
times "the pin diameter, failures occurred. by shearing or
-fearing. out-"a portion of the specimeén in the margin’ above
the pin., For edge disbtances of -4 bimeés the pin diasmeter,
fallures Sccurred by upsetting and crushing the mefal -
above the. pin for all .tases ‘except thse forgings, which
failed in'sHear "as for the smaller edge distances.__

One of the nrimary objects +of - “Riris investlgation was
to. obtain -information to aid in- establishing “typical
ratios ef. bearing to -tensile properties for the aluminum
alloys cdomnmonly wused iz aircraft.  Table III summariges
the average ratios obtained. These resulte have been
arranged according to sim*larity of bearing-strength
characteristics into two fairly well-defined groups:.
group 1, including the alloys having tensile strengths’
ra.ng,inb from 64,500 to 77,900 pounds per square inch;

and group 2, 1nclud1ng the alloys having tensilse strengths_

ranging from 28,600 to 47,300 pounds per sguasre inch, .
Ratios of tensile yield to ultimate strength averaged 0.79
for the first group; 0.00 for the second, excluding 525-0.
As would be expected, there are a few borélerline cases
where the bearing-strength ratios might be placed in

elther group, but, in general, the highest.ratios of bear—

ing ultimate and ylel& strength to tensile strength for
all edge disbtances wére obtained for the glloys within
the lower range of tensile strengths; the lowest ratios
were obtained for the bighest strength materials.

The relative. importance of the various properties
influencing bearing strengths 15, of course, not known.
It seems reasonable %o assume that the highest ratios of
bearing ultimate to tensile strength should be exhibited
by materials having low ratios of btensile yield %c ulti-
mate strength, combined with ductility or the ablllty to
withstand highly localized plastic deformations- without
fracture. Of the materials in group 2, showing the high—
est raftios .of bearing ultimate to. tensile;strength -
528—0 is. the only one meeting both of these reguirements.
The ratios of tensile-yield %o wltimate strength of the
other materigls in group 2 are, with one exeception, L
higher than for group 1, yet the 'influence of this factor
was apparently more than offset as far as ultimate bsar—
ing strengths were concerned by the greater ductility of

-
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the lower etrength alloys. The superior formiang charac—
terigtlcs of this - group of materials are generally reo—
ognized,

Bearing—~yield strengths, it appears, should be re—-
lated in some way to the other yield-strength character—
-istics of a material. Although the state of stress
developed by a pin or rivet in.bearing is obviously com—
plex, it:is not surprising that the bearing-yield to
tensile-strength ratios shown in table III increase with
increasing ratios of tensile yield to tensile strength.
From- -the approximately linear .relationship observed be—
tween these ratios for both groups of materials, it fol—
lows that the ratios of bearing—yield to tensile-yield
strength for any one edge distance should be fairly con—
gstant. The uniformity of these ratios suggests that they
provide a simpler and perhaps a more rational basis for
expréssing bearing-yield characteristics than do ratios
of bearing-yield strength to tensile strength which, as
shown, may vary appreclably for different materials.

One of the interesting observations to be made from
the results of these tests is that the increases in bear—
ing-yield sirengths for edge distagnces greater than 2
diameters were not as pronounced as-in the case of the -
ultimate bearing strengths, This was partlcularly true
of the materials in the lower tensile-etrength group. At
an edge distance of 2 diameters, moreover, the besaring-
vield strengths averaged abdout two—thirds of the ultimmte
bearing strengths. According to present aircraft-design
procedures, in which the stress at ylelding generally con—
trols design if it is less than two—thirds of the ultimate
strength (Wltimate factor of safety = 1.5), it appears
that bearing yileld rather than bearing ultimate strength
will be-‘the controlling factor in designs for edge dis—
tances greater than 2 diameters.-

It should be emphasized in connection wlth any analy—
sls of these data for design purposes that the bsaring
gtrengthe given were all obtained from tests of 2—inch—
wide specimens, 0.064 to 0.125 inch thick, loaded parallel
to the direction of the grain through a l/é—inch—diamater
steel pin., Under other test conditions somewhat differ—
ent bearing values would have been obtained. Tabdble IV
gives a few data from other tests relative to the effect
of specimen propoértions and direction of loading upon the
bvearing properties of 245~-T sheef, Of principal intereat
is the fact that the ratios of bearing—yield to tensile—yileld
strength were higher for the cross—grain direction {X) than
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for the with—grain direction (W).- These cross~gra1n _

ratios may. be approximated by multiplying the with—grain
ratios by the ratios of "the tensileée yileld strength with—
grain to that across—grain.® Ratios of bearing ultimate
strength to tensile strength for' the cross—grein direc—

tion may likewise 'be estimated by ‘multiplying the With—

grain, ratids by the 'ratio of the ten511e strength-
with—grein to that across—grain., "It is concluded from
these observations that actisal values of bearing “yield

and ultimabte strength (not ratios to tensile’ proper%ies)
show no sigiificant directional characteristics., Thls *e—
sult is consistent with the indications of earlier bearlng
tests.

Table IV also indicates that the bearing—yield strengths
obtained from specimens having a gross width squal to four
times the pin diameter .(W = 4D) were essentially the same
as found for specimens ‘having a width of 8D, which was the
width proportion used for the tests of this investigation.'
The ultimate bearing strengths of the specimens having a
width of 4D were about 5 perceht less than obtalned for
the wider s}_aec:ime:ns.,""~ '

Ratlos of pin dismeber to material - thlckness (D/t)
epparently have l1ittle effect upon bearing strengths, pro—
vided> D/t wequals 4 or less, For relatively larger pin
diameters, decreases inIltimate bearing strength may be
expected as shown in table IV, Although not indicated in
the table, bearing—yield strengths are not influenced by
ratios of, D/t provided the required yield strain (0.02D)

.can be produced. before ultimate_bearingﬂfailure occurs,

2 able 'L gives a summary of the ratios selected from
table :IIF as g tentative basis for predicting nominal’
bearing vallues for the alloys and products considered,

It -should be emphasized that the ratios proposed for. sheet

. materials._ are Pased on bearlng and tensile tests made in

the withr—grain direction. 'Since bearing properties do
not show marked directional characteristics it follows
that ratios of bearing to tensile properties across—grain
will be somewhat higher tHan shown in table III, The.
greatest difference will be found .in the case of ratios
of bearihg yield to tensile yleld strength 31nce the.

. latter property for terthih cases is- normally higher in

the with—grain directlon than in fthe cross—grain direction.

*See table I—l, ANC—5, 1942, for relations between with—
and cross—grain properties of asluminum-alloy sheet.
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) ' The ratios givon for 178-T and plain .and Alclad-
248 sheot in table .V are in substantial agreement with
values obbtained in previous: bearing tests of these alloys
in -the form of sheet. The ratios given for the thin - .
245~T7 extruded sections, however, are not necessarlly
representative of-the behavior likely to be obtained ip
thicker extru81ons. Table V includes,, for exzample, a-
set of ratlos receantly obtained for.: 3%*inch thick 24S5-T
extruded sections having a.large percentage of unrecrys—
tallized material wlith . tensile strengths slightly over
80,000 pounds per square inch. The ratlos of bearing to
tensile properties for this 245-T were appreciadly lower
than any obtained in the present tests. Comparative
data for thick and thin forgings of A5lS—T and 145-T are
not evailable.

It is quite evident frem table V that -one set of
ratios of bearing to tensile properties cannot be given
to cover adequately all the wrought—aluminum alloys in
their various commercial forms. The ratio of bearing
ultimate strength to tensile strength of approximately
1.4 currently used for most alloys in aircraft design
. (see reference 4) is satisfactory for edge dlstances of
1:56 dlameters but appears unduly conservabtlve for edge
distances of 2 diameters or greater, It is believed —
.that the influence of -edge distance should be recognized
in the selection of.allowable bearing valuss,

CONOLUS IONS

The results of this inveetigation ofthe bearing—
strength characteristics of a number.of gluminum glloys.
in the form of sheet, thin extrusions,, and thin forgings,
loaded 'in bearing through a.steel pin, .1/4 inch in-diam—
eter, seem to warrant the following conclusione'

1. The. bearing~etrength data presented were obtained
frop materials representative of commerclal production.
Table I gives a summary of tenslle properties.

. 24 Table II gives bearing yield and ultimate etrengthe
for All materials for edge distances of 1.5, 2 and 4 times
the diameter of .the pin. Although the higheet bearing
values were obtained for the largest edge distance, the
increases in bearing—yield strengths for edge distances
greater than 2D were not as pronounced ‘as in the casse

of the uwltimate strengths. : S - =
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3. -Bearing-yield strengths are apparently related
0o the other yield characteristics of a material and
therefore tend to approach an upper limiting wvalue as
edge distances are increased. Bearing ultimate strengths,
however, reflect the adility of =a material to withstand
highly localized plastic deformations without fracture.
Because of the upsetting that may occur ahead of the pin,
accompanied by an increase in effective bearing area,
extrenely high values of ultimate bearlng strength nay be
obtained for large edge distances in ductile materials,

4, All specimens with edge distances of 1.5 and 2.
times the diameter of the pin failed by shearing or tear— _
ing out a portion of the specimen in the margin above the
pin. Specimens with edge dlstances of 4 diameters falled
in bearing by ecrushing or upsetting the metal above the
pin, excopt in the case of the forgings which failed in
shear, as for the smaller edge distances. '

5, The ratios of becaring yileld and ultimate strength
to tensile strength given in tablc III indicate that all
the matorials tested may be placed in two rather well deo—
fined groupst one including the alloys having tonsile
strongths ranging from 64,500 to 77,900 pounds per square
inchy the other including the alloys having tonsile strongﬂm
ranging from 28,600 to 47,300 pounds por sguare inch,. Theo
highest ratios of béaring to tensile strongth were found
for the materials in the lower tensile-streongth range.

6. Eatios of bearing yield: to teomnsile ultimate
strength varied almost linearily with ratios of tensile
yvield to ultimate strength. Ratios of bearing—yileld %o
tensile—yleld strength, however,. were practically con—
stant for all materials, particulerly for edge distances
of 1.5D and 2D. Tensile—yiseld strengths therefore ap—
pear to provide a simpler and perhaps a hore rational
basis for expressing bearing-yield characteristics than
do tensile ultimate strengths,- .

7. Pron a linited number of tests of 24S—T sheet,
sunnarized in table IV, and the results of an earlier in—
vestigation, it appears that bearing yield and ultimate
sbrengths do not exhibit marked directionsal characterls—
tics.- In view of %the dleerence which exists in some
cases bpebtween tensile—yield strengths in the with— and
ecross—grain directions, ratios of bearlngayield to tensile—
yield strengths in the cross—grain direction may be higher
than shown in table III for the. with—grain direction,.
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&, Bearing—yleld strengths determined from auxiliary
specimens bhaving a gross width of only four times the pin
digmeter were essentially the same as determined from
,specimens having a width of 8 -diameters, the proportion
used -in these tests. Ultimaté bearing strengths for
specimens having a width of _ 4D were about 5 percent less
than for a width of . 8D, Ratios of pin diameter to mate—
rial. thickness (D/t) had little effect upon eilther
bearing Jleld or ulbtimate strengths for vealues of D/t
equal to 4 or less, For higher D/t ‘ratios, decreases
in bearing ultimate strengths must be expected, as shown
in table iv.

9. Table V presents the ratios of bearing—to—ten—
sille properties proposed from these tests as ' a tentative
basis for predicting rominal bearing values for the
aluminum alloys and products considered. h

10, Bdge distance is a sufficiently important factor
td be Te ognized in the selection of allowable bearing
values., - It is beliseved that consideration of this factor

~will permit some increase in bearing values over those
currently used in design,

Aluminuﬁ Resparch Labdratories,. ‘ P s
"Aluminum Company of Amerita, = : e "
‘Wew Kensington, Pa., April 20, 1943, -
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TARLE I
TENSILE PROPERTIES OF NOM_ALIOY SHEET
FOH&‘%S, ARD musxousl,[ %EDI ¥OR BEARING TESTS

(P. T. No. 040842-C)

hd Nominal Yield
Thickness Ultimate Strength Elongation
Alloy end Form of of Specimen,t Streggth, | (0ffset<0.2%), in 2 in.,
.: Temper Naterial in. psi psi per cent
17S-T Sheet 0.064 64 600 47 100 28.5
245-T Sheet 0-064 73 000 55 000 18.0
Alc. 24S-T» Sheet 0.064 65 400 50 400 19.5
245-RT Sheet 0.064 77 900 64 200 12.0
525-0 heet 0.064 28 600 12 500 22.0
528-1/20 est 0.064 37 31 600 9.0
52S-H Sheet .0.064 39 200 34 700 9.8
538-T Sheet 0.064 40 400 36 000 12.5
61S-T Sheet 0.064 45 200 41 600 11.5
145~T orging . 0.125 70 700 83 200 10.8
ADLS-T orging 0.125 47 300 44 200 12.3
243-T artrusion 0.070 ,64 900 50 800 21.5
538—% trtrusion 0.070 36 700 800 11.0
615! Extrusion 0.070 41 700 800 11.5
Lﬂie above values are the average ol itwo‘'tests (with-grain) of sheet and exirusions and ihree {ests

of the forgings. Standard tension test specimens for sheet metels used, see ¥Fig. 2 of Tentaiive
Methods of Tension Testing of Metallic Materials (PB-40T), 1940 Supplement to Book of A.S.T.M.
Standards, Part I, p. 454.

* 5 per cent Alclad coating on eack side. . L .

+ Orgzinal thicknesses of material exo?t for 145-T and A51S-T, in whioh cases specimens

4 x 3 x 12-in. Porged stock. .-

were machined from

RATIOS OF AVERAGE BEARING PROPERTIES T0 TENSILE PROPERTIES
(P. T. No. 040642-C)

o distance ~ | Fdge distance =i Edge distance =~
Alulxoly . . - 778 l-ixpin diemeter| 2xpi 4xpin diameter
orm o ;F!s Pgs
Temper Material ps{ psi’ E m E Bﬁ EE E %‘3 ﬁg
Group 1 -
178-7 Sheet 64 800 47 1001 0.73 | 1.49} 1.03} 1.41} 1.96] 1.19}1.64]2.59{1.31 | 1.80
243-9 Sheet 73 000 65 000 1 0.75 | 1l.52) 1.08) l.41] 1.98 l.%& 1.64(2.37 1.25 1.38
Alg.24S~T*| Sheet 65 400 50 400§ 0.77 | 1.53] 1.06| 1.371 2.00] 1.20}1.56}2.35]1.31 | 1l.
245~ Sheet 77 900 64 200 |1 0.82 | l.45] 1.15] 1.40] 1.83] 1.27}1.54{2.32|1.41 | 1.71
243- Thin ext. 64 500 50 80010.79 | 1.54] 1.12 1.42) 1.91} 1.33]|1.62)2.45!1.49 | 1.89
14S5-T Thin forgings| 70 ?00 63 200{0.90 { 1.48] 1.21] 1.35] 1.97] 1.44]1.63]2.65(1.45 | 1.62
Group 2
528-0 Sheet 28 600 12 500 | 0.44 | 1.88] 0.91} 2.07| 2.23] 1.10{2.51.3.33)2.15 | 2.63
52S-H Sheet 39 200 ad 700 10.89 | l.61] 1.281] 1.48 | 2.08{ 1.43|1.6112.84}1.46 | 1.65
525-1/2H |Sheet 37 800 31 600 10.84 | 1.50] 1.231 1.47 | 2.06| 1.3911.67:3.13|1.42 | 1.70
53S-T Sheet 40 400 36 000 |0.69 | 1.65] 1.31{ 1.47 | 2.28 4411.621(3.20 l.gg 1.66
18- Sheet 45 200 41 600 {0.92 | 1.591 1.27} 1.38 | 2.18] 1.50]1.633.23}|1. 1.66
. in ext. % 700 38 800 {0.92 | 1.62(1.32| 1.43 [ 2.19| 1.46{1.59i3.10({1.47 | 1.60
618! in ext. 41 700 8800 |0.93 | 1.4} 1.331 1.432.2L( 1.47]1.5813.35{1.51 | 1.62
A51S-T hin forgings | 47 300 44 200 10.93 [ 1.57}1.31| 1.41 | 2.36] 1.53|1.6413.28}1.52 | 1.63
A11 bearing tests on 1/4~in. diemeter steel pin (D/t = 4 or less). Speoimens 2 in. wide loaded parallel
. Btg t.ii.ﬁctJ on gi’ rgra%ﬂ- .
- Beari t . .
BT!SS - 3ear LGg yuelggggringtg (offs?t = 0.02 x pin dismeter = 0.005 in.)
- i tre: wi -frain :
TS - T:Q.:..l: ;Lalgg strength {offset = 0.2 per cent) (with-grain)

# 5 per cent Alcled coating on each side.
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TABLE II.- BEARING STRINGTHS OF ALUMINUM ALLOY SHEET, FORGINGA, AND IXTRUSIONB
(P. T. No. 040843-0)
BIARING STRENGTHS, (psi)
Alloy Form of Nom%; Test| kdge distance = |Type |Edge distance = Tygo Idge distance = Tyg.
and materiall naX aum-}1.5 ¥ pin diam.| of 3 x pin diam. o 4 x pin diam. o
Temper tbick-| ber fail- fall~- Lall~
- (fes? Ultimate! Yield¥] uref|Ultimate| Yield*| uref|Ultirzate} Yield*| urst
n.
178~T gheet 0.064 1 95,810 187,800 8 138,13%0 {78,500 8 188,080 {83,500 3
Sheet .064 | 3 98,450 |66,0001 B 136,770 .76,500| 8 {187,430 {B85,600] B
Sheet .064 3 96,450 |65,500 8 136,450 | 76,500 g8 {188,130 865,000 B
Av. | 98,240 |86,350] s {138,450 [77,150] 8 )167,306 |B4,86C0{ B
248-T Sheet 0.084 1 111,300 } 78,500 S 144,800 | 90,000 8 176,970 {100,000 B
Sheet 064 { 8 |1l0,000 {77,000} 8 ;143,800 {90,000! 8 ([173,2301 97,600| B
gheet | .064 | 3 112,100 {77,007 S (144,800 /90,000 S (189,700} 99,000] B
Av. {111,100 {77,850 144,165 |90,000 173,930 98,850
Alc.345-° Bheet |0.084 | 1 98,500 |88,000f 8 {138,000 }78,000[ 8 }145,570) 83,500 B
Sheet .084 | 3 28,800 |867,600| 8§ {134,400 ,79,000! & (150,830} 87,500{ B
e Sheet 084 3 103,000 | 70,500 8 139,100 | 78,000 8 163,930 | 88,000 B
Av, |100,100 {69,000 130,600 | 78,850 153,3%6| 85,650
248-RT Bheet [0.064 { 1 {113,430 {90,000| 8 [143,870 [99,500{ & |183,000/110,b00| B
Sheet .084 1 3 113,400 [90,000| S (141,410 {97,600 & |}183,030,110,000! B
Sheet .084 | 3 1112,58C {90,000| 8 [143,840 ;99,500( 8 [177,480}110,000; B
Av. {113,800 [90,000 143,640 }88,850 180,836 [110,000
538-0 Sheet {0.084 | 1 51,200 |36,500| & {63,300 [31,700| 8 88,100} 31,500| B
sheet | .064 ] 46,800 125,600 9 80,700 ﬁ,BOO | 8 99,700 | 33,800 B
sheet .084 | & 48,800 |26,500| 8 87,300 1,000; 8 90,300) 34,600] B
Av. 48,300 | 35,900 63,800 (31,400 : - | 95,400] 33,900
528-1/8H Sheet [0.084 | 1 57,000 145,800 '8 78, 300 52,500i 8. [11¢,430| 54,000 B
Sheet . 064 3 65,800 | 46,000 8 77,800 ;52,500 S 117,400| 63,500 B
Bheet | .084 | 3 57,800 |47,300| 8 78,000 |53,300] 8 [118,240| 53,500| B
Av. | 56,870 48,350 77,836 | 62,760 118,356 | 53,650
© 638-H Sheet [0.064 | 1 83,600 {53,100 8 83,000 {57,200 8 |[l13,400| 67,000] B
: Sheet 064 | 3 63,800 {523,000 8 81,800 {56,700y 8 |111,2300 R B
Sheet 084 | 3 62,800 | 50,500 8 80,000 [54,200} § |108,800| 57,000 B
Av. 63,400 |b1,500 81,400 | 56,000 111,100] 57,300
538-T Sheet 0.064 1 685,500 |53,800 ] 93,300 {68,000 8 138,300 | 80,300 B
Sheet .64 3 86,000 {53,300 ] 81,000 58,300 8§ 131,800 659,300 B
Sheet 084 -3 67,800 |53,700 8 92,300 {58,300 8 137,800 N _B__
) Av. 66,430 |63,800 21,885 {58,300 129,286} 69,850
815-T gheet ]0.064 | 1 70,800 |58,000| 8 98,800 187,000 8 [144,780] 88,000| B
Sheet 054 3 70,400 ;58,300 8 98,300 {688,800 8 148,830| 69,000 B
! Sheet 084 | 3 74,000 [80,600| 8 98,800 {69,600 | 8 |145,710] 88,000] B |
' Av. 71,730 167,250 98,400 {87,750 146,710 | 89,000
; 148-T Forging 10.135 | 1 ]103,480 }87,000| 8 |140,030{103,000| 8 |[191,455; 89,000 §
Torging .125 | 3 {103,180 {83,500] 8 {125,870|103,000; & }177,140}104,000§ 8
__| rorging .135 1 3 ; 85,500| 8 |142,450[101,000| 8 ;194,080(105,00C| 8
Av. [103,850 !85,550 139,450(102,000 187,576 [1.03,860
AB18-T Yorging {0.135 | 1 73,800 }58,500f 8 |113,740 |75,500 168,120} 70,000] 8
Forging .186 | 2 73,410 !83,000] 8 113,740 |71,000[ 8 ;158,800 71,500] &
Forging 135 | & 75,580 {66,000 .8 [109,310 |71,000} B 147,460} 74,6500] B
Av. 74,320 {62,150 111,566 | 73,500 165,060 | 73,000
345-T Extruslon!o.0%0 | 1 98,890 {71,000| & |131,390 {83,000} d |164,730] 98,000] B
Extrusion] .070 | 3 98,890 {71,500 8 |183,340 {85,000; 8 167,780} 96,500] B
Ixtruqion 070 | 3 {100,000 174,000 8 135,000 |89,000| 8 1180,5680) 85,000| B
AV, 99,260 {72,150 123,245 |85,6601 8 157,685} 96,850
638-T EIxtruslion|0.070 1 60,880 149,500 8 83,830 |668,000 8 11'7,066 55, 600 B
Ixtrusion| .070 3 58,820 148,500 8 79,130 | 53,500 8 118,760 55,000 B
Extrusioni .070 3 68,290 47,500 ) 77,730 {51,500 8 107,710} 61,500 B
Av. 59,330 |48,500 80,230 {63,880 113,845 | 54,000
818-7 Extrusion|0.070 | 1 68,830 |566,000| 8 93,240 62,0001 8 j139,710] 04,000]| B
i Extrusion; .070 3 68,410 ;65,000( -8 ‘81,690 {80,500 +-8 138,550 | 63,000 B
Extrusion| .070 [. 3 88,340 165,000 8 1,180 {62,000 8 - 1140,580}| 63,60 B
! Av. | 68,480 |55,660 93,005 |61,150 | 1139,0820 | 83,850 !
N

ots - All tests on 1/4-in. diam.

30 direction of grain.

steel pin (D/t; 4 or less).

brive percent alclad coating on each side.

15. (0.006 in. offset for 1/4-1n. diam. pin)

Specimens 2 in. wide, loaded parallel
aQriginal thicknesses of material except for 14S-T and AS18-T, in whieh
cases gpeclmens were rachined from 1/4- by 3- by 1l3-in. forged stook.

X &trese corresponding to offest of 3 percent of
nole diam. from initial straight line portion of load-hole elongation ourves shown in figs. 3 to

tType of failure (B) Bearing, {8) Shear.
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IABLE IV
EFFECT QF SPECIMEN PROPORTIONS AND DIRECTIONS OF LOADING UPON RATIOS (F BEARING
TO TENSILE PROPERTIES OF 24S-T SHEET. .
- e digtance= dist - dist: -
. i iag. %ﬁjﬁ Direction . in diem. E%Sx nig ggce. e n::'i; gpce.
lickpess . of s TYS % ,EE% BYS QE
D/t l(.\?l/’.D) Loading* pei psi e ™S i
- 4 4 W 71 500} 51 600 { l.45}1.04)1.44 | 1.85)1.21 j1.68 | 2.27} 1. 1.89
4 4 I 69 400144800 | 1.46] 1.02]|1.57 | 1.90}{1.2211.89 | 2.36 %-2(6) 2.17
4 8 v 73 000) 55000 | 1.52) 1.08 §1.41 § 1.98}1.23 |1.64 | 2.37} 1.35}1.
4 8 I 69 900 | 47 800 | =~==| ~=== | ==== | 2.05] 1.29 {188 | ~co=| == | ==
2 4 X 70 000 | 45 900 | 1.49 | =~em [ wmmm | 1e91 | momm | mmme | mmee ) e | e
F 8 b 70 000 | 45 900 | === | mmmm | mcmm | 3208 oo |mmee | aoom | 222 | 2223
3 6 ¥ 71 200 54 200 | 1,56 === | === | 1.92| —coc { = | 2.48) ccuc | maea
4 4 X 69 900} 47 800 | 1448 | avmm | mmmm | 1o93 | momem Jomon | o | e | e
i 6 ¥ 71 200 | 54 200 | 1086 | —=== [ —mmc | 1098 | coms [ooos | 2o3| 212 (127
4 8 I 63 900 | 47 800 | =<2 j —=n~ | ~~m= | 2.05]1.29 |1.89 | <oom| aoes oo 2
6 4 X 70 000 | 45 900 | === | comm | mmme | 1.58 | momm femme | oo | mee | e
8 4 I 69 900 | 47 800 | 1.36 | mmem | =mem | 1.41 [ mmmm Jomme | moma | oo [ eeee
12 4 I 69 900 | 47 800" | === | m=em Jmomm | 1008 Joemm Jomme | momm | o e

* X - croas-grain, ¥ - with-grain.

» IABLE Y
SUGGESTED TYPICAL RATIOS OF BEARING PO TENSILE PROPERTIES
(P T. No. 040642-C)

oroduct Edge distance = Fdge disfance = Edge distance =
ue l.ﬁé_u m_d.ﬂ:m Lxginjxgﬁmx .Lgnm_dﬁ?m
TS TYS i) TYS TS TYS
g A
' shee
Alc. 24S.T.. Bheet 1.5 1'4 109 1'6 2.3 1-7
245-RT sheet
B
she -
525—% sheet ° 1.6 1.4 2.1 1.6 3.0 1.6
853S~T sheet
61S~-T sheet
245-T thin extrusions 1.5 1.4 1.8 1.6 2.3 1.7
24S-T thick extrusions 1.2 1.2 1.5 1.4 2.1 1.6
53S~-T thin extrusiouns
i E15-p thin ex‘trus%ons 1.6 1.4 2.1 1.6 3.0 1.6
145-T thin forgings 1.5 1.4 1.9 1.6 2.3. 1.7
A518-T thin forgings 1.6 1.4 2.1 1.6 3.0 1.6
- bove ratios are based on tests of 2-in. wide specimens, loaded parallel to direction of grain on 1/4-in.

diapeter steel pin. (D/t = 4 or less%l. _Corresgondi ratios for sheet across grain are higher by ratio

of tensile yield or ulbimate sirength with-grain-io t aoross-grain. . .

Ratios for *thin" extrusions are based on tests of specimens from section 0.070 in. thick (D}e No. K-22934).

R%ﬁo; zgr.i: 'giolxc'z%:’gs sions are based on tests of Bpecimens from section approximately 3-3/4 in.
o e No. K- .

Ratics for "thin" forgings are based on tests of specimens from forged plates, 1/4 x 8 x 12 in.

# 5 per cent Alcled coating on each side,



Fizgure 1.- Arrangement for bearing tests using filar micrometer mlcroscope for
measurements of hole elongation.
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Sheet thickness = 0,064 in. B-1,B~2 and B-3: edge diatance = 2x pin diameter
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Figure 2.~ Bearing sitress-hole elongation curvés for aluminum alloy sheet__, 178—'_1’._ . o
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C-1,C-2 and C-3: edge distance

= 4x pin diameter
= 2x pin dismeter
= 1.5x pin diameter

Figure 3.- Bearing stress-hole elongation curves for alumimm alloy sheet, 248-T.
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Figs. 4,5
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Figure 4.- Bearing stress-hole elongation curves for aluminum
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A-1,A-2 and A-3. edge distance
B-1,B-2 and B-3: edge distance
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=4
=2
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alloy sheet, ai;i;a
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Figure 5.- Beering stress-hole elongation curves for aluminum giléy

248-T.
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410.0101- Hole elongation, in.
Pin diemeter = 1/4 in. A-1,A-2 and A-3: edge &istance = 4x pin diemeter °
Sheet thickness = 0.064 in. B-1,B-2 and B-3: edge distance = 2x pin diameter

1.5x pin diameter

sheet, 24S-RT.
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Pin diameter = 1/4 in.
Sheet thickness = 0,064 in.
Specimen width = 2 in.

A-1,A-2 and A-3:
B-1,B-2 and B-3:
C-1,C-2 and C-3:

edge distance
edge distance
_edge distance

Figure 6.- Bearing stresa-hole elongation curves for aluminum alloy
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Figure 7.- Bearing stress-hole elongabion surves for aluminum alloy
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Bearing stress, 1b/sq in.

Bearing stress, lb/sq in.
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Figure 8.- Bearing stress-hole elongation curves for aluminum alloy sheet, 525-F.
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Figure 9.- Bearing stress-hole elongation curves for aluminum alloy sheet, 535-T.
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Figure 10.- Bearing stress-hole elongation curves for aluminum alloy sheet, 618-T.
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Figure 11.- Bearing stress-hole elongation curves for aluminum alloy forging, 148-T.
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Figs. 12,13
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Figure 12,- Bearing stress-hole elongation curves for aluminum alley forging, A51S-T.

160,000 T F 1 1
Section K-2293 j |
140,000 Bearing test
/ ;pecilg;{x ti.ken
rom this leg.
120,000 e
& - | /ﬂ L~ ,
Z. / /1 d
100,000 Lo
20 P T T L AT I ]
2 80,000 Vi / f [ WA / !// ]
£ AT F AN /el
W 60,000 7 i £ ¥ 17
E AN S
40,000 ' . B P
gl 1f { ]
20,000
JAF pl 11 |7 7
A-1 PA-2 [7A-3 B-1 {B-Zﬁ_{i—'& C-1 [fC-2 |§C-3
0.010 & Hole elongation,‘ in.

Pin diameter = 1/4 in.
Specimen thickness = 0.070 in.
Specimen width = 2 in.

Q-

2 and A-

and C-

-1,A- 3: edge distance
-1,B-2 and '‘B-3: edge distance
-1,6-2 3: edge distance

4x pin dismeter
2x pin diameter
1.5x pin diameter

Figure 13.- Bearing stress-hole elongation curves for aluminum.alloy extrusion, 24s-1.
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Figure 14.- Bearing stress-hole elgngation curves for aluminum alloy extrusicn, 535-Ts
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Figure 15.- Bearing stress-hole elongation curves for aluminum alloy extrusion, 61.5__-__1_'_'.



